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Background Children with osteogenesis imperfecta are often treated with intravenous bisphosphonates. We aimed to
assess the safety and eﬃcacy of risedronate, an orally administered third-generation bisphosphonate, in children with
the disease.
Methods In this multicentre, randomised, parallel, double-blind, placebo-controlled trial, children aged 4–15 years
with osteogenesis imperfecta and increased fracture risk were randomly assigned by telephone randomisation system
in a 2:1 ratio to receive either daily risedronate (2·5 or 5 mg) or placebo for 1 year. Study treatment was masked from
patients, investigators, and study centre personnel. Thereafter, all children received risedronate for 2 additional years
in an open-label extension. The primary eﬃcacy endpoint was percentage change in lumbar spine areal bone mineral
density (BMD) at 1 year. The primary eﬃcacy analysis was done by ANCOVA, with treatment, age group, and pooled
centre as ﬁxed eﬀects, and baseline as covariate. Analyses were based on the intention-to-treat population, which
included all patients who were randomly assigned and took at least one dose of assigned study treatment. The trial is
registered with ClinicalTrials.gov, number NCT00106028.
Findings Of 147 patients, 97 were randomly assigned to the risedronate group and 50 to the placebo group.
Three patients from the risedronate group and one from the placebo group did not receive study treatment, leaving
94 and 49 in the intention-to-treat population, respectively. The mean increase in lumbar spine areal BMD after 1 year
was 16·3% in the risedronate group and 7·6% in the placebo group (diﬀerence 8·7%, 95% CI 5·7–11·7; p<0·0001).
After 1 year, clinical fractures had occurred in 29 (31%) of 94 patients in the risedronate group and 24 (49%) of
49 patients in the placebo group (p=0·0446). During years 2 and 3 (open-label phase), clinical fractures were reported
in 46 (53%) of 87 patients in the group that had received risedronate since the start of the study, and 32 (65%) of
49 patients in the group that had been given placebo during the ﬁrst year. Adverse event proﬁles were otherwise
similar between the two groups, including frequencies of reported upper-gastrointestinal and selected musculoskeletal
adverse events.
Interpretation Oral risedronate increased areal BMD and reduced the risk of ﬁrst and recurrent clinical fractures in
children with osteogenesis imperfecta, and the drug was generally well tolerated. Risedronate should be regarded as
a treatment option for children with osteogenesis imperfecta.
Funding Alliance for Better Bone Health (Warner Chilcott and Sanoﬁ).

Introduction
Osteogenesis imperfecta (also known as brittle bone
disease) is the most common heritable bone disease with
an osteoporotic phenotype.1 Prevalence is estimated to be
between 1 and 2 per 20 000 people.2,3 Children with
osteogenesis imperfecta sustain recurrent fractures,
bony deformity, and bone pain.4–6
Bisphosphonates are an established treatment for
osteoporosis in adults.7 They increase areal bone mineral
density (BMD) and decrease the incidence of osteoporotic
fractures. Beneﬁcial eﬀects have also been reported in
children with osteogenesis imperfecta.8–15 In randomised
controlled trials, cyclic intravenous neridronate16 and
pamidronate17 and daily oral olpadronate18 increased BMD
and reduced reported fracture rates in children with
osteogenesis imperfecta. However, investigators of a 2008
Cochrane review19 concluded that it was unclear whether

or not treatment with oral or intravenous bisphosphonate
reduced fracture incidence in osteogenesis imperfecta.
Treatment with intravenous bisphosphonate requires
infusions at regular intervals at home or during hospital
stays of up to 3 days. These interludes are disruptive,
aﬀect schooling, cause parents to miss time at work, and
can be traumatic for children. Oral treatment oﬀers
advantages in terms of convenience, cost, and reduced
individual distress. Oral administration of alendronate
has been shown to lead to substantial improvements in
quality of life.20 However, a large study21 did not show a
substantial improvement in fracture incidence in
children with moderate or severe osteogenesis imperfecta
treated with alendronate.
Risedronate is an orally administered, third-generation
bisphosphonate. Two small studies15,22 have shown that
risedronate was well tolerated and that it signiﬁcantly
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increased BMD in children with mild to severe osteogenesis
imperfecta, and reduced long-bone bowing deformities in
children with moderate or severe disease. Fracture rates
decreased in one of the studies,22 but not in the other.15
The aim of this phase 3 study was to investigate the
safety and eﬃcacy of risedronate in children with osteogenesis imperfecta, most of whom had mild disease.

Methods

231 patients screened
84 did not pass screening
147 randomly assigned

97 assigned to risedronate group (year 1)

50 assigned to placebo group (year 1)

Study design and participants
In this international, randomised, double-blind,
placebo-controlled, multicentre, parallel group study,
patients were enrolled at 20 hospital centres in 13 countries across North and South America, Europe, Africa,
and Australia. Children with osteogenesis imperfecta1,23
aged 4–15 years were eligible for inclusion in the study.
Patients had either a history of at least one nontraumatic or low-impact fracture and an age-adjusted
and sex-adjusted areal BMD Z score of –1·0 or less for
either total body or lumbar spine sites, or an adjusted
areal BMD Z score of –2·0 or less irrespective of a
history of fractures. Patients were excluded if they
weighed less than 10 kg; had a history of cancer within
the previous 5 years; had untreated rickets during the
previous year; had a serum 25-hydroxyvitamin D concentration of less than 20 nmol/L; had used treatments
that could aﬀect interpretation of study ﬁndings; or had
disease that was severe enough that in their country of
origin they would normally have been oﬀered intravenous bisphosphonate treatment.
Patients received their randomly assigned treatment
(risedronate or placebo) for 1 year and then open-label
treatment with risedronate for 2 additional years. The
protocol was approved by the appropriate institutional
review boards or independent ethics committees. Investigators obtained assent from the patients and written
informed consent from their parents or legal representatives. The appendix lists some additional details of the
methods used. The trial ran from Nov 16, 2004, to
March 19, 2010, and is registered with ClinicalTrials.gov,
number NCT00106028.

Randomisation and masking
Patients were stratiﬁed by age (4–9 and 10–15 years) and
randomly assigned to receive treatment for 1 year with
risedronate tablets or placebo in a 2:1 ratio by a telephonebased interactive voice response system in several permuted blocks of ten to 12 (placebo-controlled phase).
Risedronate and placebo tablets were identical in appearance. The study treatment was masked from patients,
investigators, and study centre personnel during the
ﬁrst year. After the ﬁrst year, all patients were given
risedronate (open-label phase).

Procedures
During the placebo-controlled phase, patients received
doses in accordance with their weight at baseline.
www.thelancet.com Vol 382 October 26, 2013

3 did not receive
risedronate*

1 did not receive placebo*

94 received risedronate

49 received placebo

7 discontinuations
4 voluntary withdrawals
1 adverse event
1 protocol violation
1 loss to follow-up

87 completed year 1

87 entered open-label phase

49 completed year 1

49 entered open-label phase

5 discontinuations
4 voluntary withdrawals
1 adverse event

82 completed years 2–3

6 discontinuations
3 adverse events
2 voluntary withdrawals
1 protocol violation

43 completed years 2–3

Figure 1: Trial proﬁle
*Reasons for withdrawal before treatment were not recorded.

Patients who weighed 10–30 kg received 2·5 mg
risedronate or placebo daily; patients who weighed more
than 30 kg received 5 mg risedronate or placebo daily.
During years 2 and 3, patients received open-label
risedronate daily, dosed at 2·5 or 5 mg in accordance
with their weight at the end of year 1. The daily dose was
based on the approved dosing schedule for adults at the
time the study was conceived. Study treatment was
given with 120 mL of water. Patients who could not
swallow tablets took their study treatment as a solution
with a dosing spoon. All patients took study treatment
at least 30 min before the ﬁrst food and drink (apart
from plain water) of the day and remained upright for
30 min after dosing. Compliance was assessed by tablet
count at each visit. All patients received daily calcium
(500–1000 mg) and vitamin D (200–600 IU) appropriate
to their weight.
Patients visited the study centre at screening, baseline,
and months 3, 6, 12, 15, 18, 24, 30, and 36 for clinical
review. Height was measured, at screening and annually,
to the nearest 1 mm with a wall-mounted stadiometer.
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Risedronate
(n=94)
Age, years

Placebo
(n=49)

Placebo
(n=49)

8·9 (3·4)

8·6 (3·1)

25-hydroxyvitamin D, nmol/L

64·0 (24·8)

59·8 (21·2)

4–9 years

53 (56%)

28 (57%)

Intact parathyroid hormone, ng/L

22 (12)

22 (9)

10–15 years

41 (44%)

21 (43%)

Number of previous fractures†

49 (52%)

22 (45%)

Age group

Female sex
Tanner stage status*

(Continued from previous column)

0

6 (6%)

3 (6%)

1

4 (4%)

4 (8%)

Stage 1

58 (62%)

37 (76%)

2

6 (6%)

1 (2%)

Stage 2

11 (12%)

5 (10%)

3

14 (15%)

6 (12%)

Stage 3

16 (17%)

3 (6%)

4

13 (14%)

5 (10%)

Stage 4

6 (6%)

2 (4%)

5

14 (15%)

12 (24%)

Stage 5

3 (3%)

1 (2%)

6

5 (5%)

2 (4%)

Missing data

0

1 (2%)

>6

30 (32%)

15 (31%)

Race

≥1 fracture (number not known)‡

2 (2%)

77 (82%)

41 (84%)

Hispanic

9 (10%)

4 (8%)

Areal BMD Z score for total body

−1·42 (1·11)||

−1·82 (1·06)**

Asian

2 (2%)

2 (4%)

Patients with 13 assessable vertebrae

89

41

Multiracial

3 (3%)

1 (2%)

0 vertebral fractures

36 (40%)

15 (37%)

Other

3 (3%)

1 (2%)

1 vertebral fracture

14 (16%)

10 (24%)

128·6 (21·6)

126·8 (20·4)

≥2 vertebral fractures

39 (44%)

16 (39%)

Areal BMD Z score for lumbar spine

−2·07 (0·91)§

1 (2%)

Caucasian

Height (cm)
Height Z score, adjusted for age

−0·93 (1·14)

−1·13 (1·12)

Patients with orthopaedic hardware

13 (14%)

Weight (kg)

32·0 (15·4)

30·7 (14·1)

87·7 (42·6)††

Weight Z score, adjusted for age

−0·48 (1·41)

−0·51 (1·21)

Serum bone-speciﬁc alkaline
phosphatase (U/L)

≤30 kg

52 (55%)

28 (57%)

>30 kg

42 (45%)

21 (43%)

Mild phenotype, without
dentinogenesis imperfecta

60 (64%)

29 (59%)

Mild phenotype, with
dentinogenesis imperfecta

16 (17%)

8 (16%)

5 (5%)

3 (6%)

11 (12%)

6 (12%)

2 (2%)

3 (6%)

Weight group

Osteogenesis imperfecta

Unknown (mild phenotype,
presence of dentinogenesis not
recorded)
Moderate phenotype (usually
type 4)
Severe phenotype (type 3)

(Continues in next column)

Dual-energy x-ray absorptiometry scans of the lumbar
spine and total body were acquired at screening and
months 6, 12, 24, and 36 with Hologic (Bedford, MA,
USA) or Lunar (GE Healthcare, Little Chalfont, UK)
instruments approved by the central facility (Perceptive
Informatics, Waltham, MA, USA) and with appropriate
paediatric software. At each site, all scans were done
with one instrument. All scans and radiographs
(scheduled and unscheduled) were assessed by the
central facility. Data from long bones with metal
hardware were excluded from analysis of baseline and
subsequent scans.
Lateral thoracic and lumbar spine radiographs were
taken for assessment of vertebral fracture status at
screening and annually. All radiographs were assessed in
accordance with the Genant scoring method by one of
1426

Risedronate
(n=94)

Urine NTx/creatinine
(nmol BCE/mmol creatinine)

557·7
(323·1)‡‡

−2·09 (1·13)¶

6 (12%)
86·8 (36·3)
587·6
(410·6)§§

Data are n, n (%), or mean (SD). BMD=bone mineral density. NTx=type-I
collagen N-telopeptide. BCE=bone collagen equivalents. *Tanner stage was
assessed on the basis of line drawings. †Previous fractures include both
vertebral and non-vertebral fractures. ‡Medical history record refers to more
than one fracture without specifying the number of fractures. §n=89 for
calculation of areal BMD Z score for lumbar spine in the risedronate group.
¶n=48 for calculation of areal BMD Z score for lumbar spine in the placebo
group. ||n=88 for calculation of areal BMD Z score for total body in the
risedronate group. **n=45 for calculation of areal BMD Z score for total body in
the placebo group. ††n=93 for calculation of serum bone-speciﬁc alkaline
phosphatase in the risedronate group. ‡‡n=90 for calculation of urine NTx/
creatinine in the risedronate group. §§n=48 for calculation of urine NTx/
creatinine in the placebo group.

Table 1: Baseline characteristics of intention-to-treat population

two readers from whom treatment was masked. This
method uses vertebral height loss to grade vertebral
collapse, providing a semiquantitative score (0=normal
height, 1=mild [about 20–25% loss], 2=moderate [about
25–40% loss], 3=severe [>40% loss]).24,25 Clinical fractures
(deﬁned as symptomatic, radiographically conﬁrmed
vertebral fractures and all non-vertebral fractures) that
occurred after random assignment were reported as
adverse events and as a secondary outcome.
Serum and urine samples for analysis of bone turnover markers were obtained at baseline and at months
3, 6, 12, 24, and 36. Urinary N-terminal crosslinking
telopeptide of type I collagen (NTx) was measured by
ELISA with the Osteomark assay (Ostex, Seattle, WA,
USA) by Vitros ECi (Ortho Clinical Diagnostics,
Rochester, NY, USA). Urinary creatinine was measured
by standard colorimetric assay. Serum bone-speciﬁc
www.thelancet.com Vol 382 October 26, 2013
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Lumbar spine areal BMD Z score

Total body areal BMD Z score
p value
Least-squares
mean diﬀerence
(95% CI)

p value
Least-squares
mean diﬀerence
(95% CI)

Risedronate group

Placebo group

n

Least-squares
mean (95% CI)

n

Least-squares
mean (95% CI)

88

−1·462

45

−1·854

<0·0001

78

0·203 (0·084
to 0·323)†

42

−0·021 (−0·186
to 0·143)

0·225 (0·030
to 0·420)

0·0242

−0·008 (−0·149 0·435 (0·265
to 0·134)
to 0·604)

<0·0001

77

0·257 (0·117
to 0·397)†

40

0·004 (−0·194
to 0·201)

0·254 (0·024
to 0·483)

0·0308

42

0·351 (0·155
to 0·546)

0·199 (−0·032
to 0·430)

NA

76

0·324 (0·175
to 0·472)

39

0·254 (0·046
to 0·462)

0·069 (−0·174
to 0·313)

NA

39

0·518 (0·290
to 0·747)

0·032 (−0·239
to 0·303)

NA

74

0·248 (0·087
to 0·409)

39

0·248 (0·025
to 0·472)

0·000 (−0·262
to 0·262)

NA

Risedronate group

Placebo group

n

Least-squares
mean (95% CI)

n

Least-squares
mean (95% CI)

89

−2·130

47

−2·120

6 months

84

0·481 (0·385
to 0·576)†

47

0·094 (−0·034 0·387 (0·234
to 0·221)
to 0·540)

12 months

82

0·427 (0·321
to 0·533)†

46

24 months

79

0·550 (0·406
to 0·693)

36 months

73

0·550 (0·384
to 0·717)

Placebo-controlled phase*
Baseline

··

··

··

··

Change from baseline

Open-label phase*
Change from baseline

Change from baseline was calculated from least-squares (adjusted) means and p values are from ANCOVA model with ﬁxed eﬀects for age group, treatment, and pooled centre, with baseline as covariate. BMD=bone
mineral density. *Risedronate group received 2·5 or 5 mg risedronate daily during the 1-year placebo-controlled phase and during the 2-year open-label phase; placebo group received placebo pill during the 1-year
placebo-controlled phase and 2·5 or 5 mg risedronate daily during the 2-year open-label phase. †Indicates a signiﬁcant diﬀerence from baseline assessed from 95% CI unadjusted for multiple comparisons.

Table 2: Change from baseline in areal bone mineral density Z-scores for lumbar spine and total body

A
40

Change from baseline (%)

alkaline phosphatase was measured by immunochemiluminescence assay (Access Ostase, Beckman
Coulter, Brea, CA, USA). Clinical laboratory tests
(serum chemistry, haematology, thyroid and parathyroid
function tests, 25-hydroxyvitamin D, urinalysis, and
serum and urine pregnancy tests [post-menarchal girls
only]) were done periodically. All analyses were done by
a central laboratory. Radiographs of the left hand and
wrist were obtained at screening or baseline and
at months 12, 24, and 36 for assessment of bone age
(Greulich and Pyle method).26

Placebo-controlled phase

30

20
p<0·0001†
*

www.thelancet.com Vol 382 October 26, 2013

Risedronate
Placebo

*

0

B
16

Change from baseline (%)

We planned to recruit a minimum of 123 patients to be
randomly assigned to the risedronate and placebo groups
in a 2:1 ratio. This sample size would allow detection of a
diﬀerence of at least 5% in percentage change from
baseline in lumbar spine areal BMD at 12 months
between the treatment groups with 90% power. The
sample-size calculation was based on the assumptions
that the common within-group SD would be about 7%
and the withdrawal rate within year 1 would be roughly
15%. We regarded a diﬀerence of 5% in percentage
change from baseline of lumbar spine BMD as a clinically
meaningful diﬀerence.
The primary eﬃcacy analysis was based on the placebocontrolled phase of the study. The primary eﬃcacy
variable was the percentage change from baseline in
lumbar spine areal BMD at the 1-year endpoint, deﬁned
as the last measurement obtained during the placebocontrolled phase. Secondary eﬃcacy variables, also
analysed statistically up to the 1-year endpoint, included:
percentage change from baseline in total body areal

p<0·0001†
*

10
*

Statistical analysis

Open-label phase

Placebo-controlled phase

Open-label phase

12

8

4

p=0·0808†
*
p=0·0023†
*
*
*

0
Baseline

6

12

24

36

Time (months)

Figure 2: Changes in areal bone mineral density
Data are least-squares mean percentage changes in areal bone mineral density from baseline for lumbar spine (A)
and total body (B). Error bars show standard error. *Indicates signiﬁcant diﬀerence from baseline, as assessed from
95% CI s unadjusted for multiple comparisons. †p values indicates diﬀerence from placebo as assessed from the
ANCOVA model with ﬁxed eﬀects for age group, treatment, and pooled centre, with baseline as covariate.
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A
Placebo
Risedronate

Cumulative incidence (%)

60

40

20

0
0
Number at risk
Placebo 49
Risedronate 94

60

120

180

240

300

360

390

43
87

41
85

36
80

31
73

28
68

21
50

0
0

60

120

300

360

390

B

Cumulative mean function

0·8

0·6

0·4

0·2

0
0

180
240
Time since closing (days)

Figure 3: Time to clinical fractures
(A) Kaplan-Meier survival curves show cumulative risk of clinical fractures for time to ﬁrst event (log-rank p=0·0337).
(B) Andersen-Gill model shows cumulative mean function of clinical fractures for time to recurrent events (Wald test
p=0·0416). The cumulative mean function represents the cumulative risk of recurrent fractures over time.

BMD; change in Z scores for lumbar spine and total body
areal BMD; incidence and rate of new vertebral collapses;
incidence and rate of clinical vertebral and non-vertebral
fractures; and percentage change from baseline in bone
turnover markers. Safety was assessed on the basis of
adverse events, laboratory data, vital signs, and ﬁndings
of physical examinations.
The primary eﬃcacy analysis was done by ANCOVA,
with treatment, age group, and pooled centre as ﬁxed
eﬀects, and baseline as covariate. Analyses were based on
the intention-to-treat population, which included all
patients who were randomly assigned and took at least
one dose of assigned study treatment. We summarised
continuous variables with descriptive statistics, and
discrete variables with counts and percentages for each
treatment group. We estimated the time to ﬁrst clinical
fracture from Kaplan-Meier survival curves.27 The logrank test to compare the time to ﬁrst clinical fracture
between treatments was adjusted for the stratiﬁcation
factor of age group. We used the Andersen-Gill model to
estimate time to recurrent clinical fracture.28 Formal
statistical testing was undertaken only for the placebocontrolled phase, with α=0·05. No adjustments were
made for multiple comparisons. We report descriptive
data for the 2-year open-label phase, which was not
powered for statistical testing.

Role of the funding source
The funder designed the study, obtained and helped to
analyse and interpret the data, and provided medical
writing support. The corresponding author had full
access to the data in the study. The authors had ﬁnal
responsibility for the decision to submit for publication.

Risedronate group

Placebo group

Diﬀerence (%)

p value*

0·0693

Placebo-controlled phase (baseline to 12 months)†
At least one new vertebral collapse‡

29/91 (31·9%)

8/48 (16·7%)

+15·2%

Mild (change in semiquantitative score from grade 0 to 1)§

27/91 (29·7%)

8/48 (16·7%)

··

4/91 (4·4%)

3/48 (6·3%)

··

··

62/91 (68·1%)

40/48 (83·3%)

··

··

Moderate or severe (change in semiquantitative score from grade 0 to 2 or 3)§
No new vertebral collapses‡

··

Open-label phase (12 to 36 months)†
At least one new vertebral collapse‡

18/81 (22·2%)

12/45 (26·7%)

−4·4%

No new vertebral collapses‡

63/81 (77·8%)

33/45 (73·3%)

··

At least one new vertebral collapse‡

20/82 (24·4%)

14/45 (31·1%)

−6·7%

No new vertebral collapses‡

62/82 (75·6%)

31/45 (68·9%)

··

0·5743
··

Entire study (baseline to 36 months)
0·3408
··

Data are n/N (%), unless otherwise indicated (N includes all patients who had assessable baseline and follow-up radiographs, irrespective of whether all 13 vertebrae were
assessable). Incidence of vertebral collapse is shown as a snapshot at each timepoint during the study, rather than a summation over time. In some cases, vertebrae that
seemed to be collapsed at 12 months no longer seemed to be collapsed at 36 months; therefore, incidence of vertebral collapse at 12 months might be greater than that at
36 months. *Fisher’s exact test. †Risedronate group received 2·5 or 5 mg risedronate daily during the 1-year placebo-controlled phase and during the 2-year open-label phase;
placebo group received placebo pill during the 1-year placebo-controlled phase and 2·5 or 5 mg risedronate daily during the 2-year open-label phase. ‡New vertebral collapses
were deﬁned as vertebrae that had a semiquantitative score of 0 at the speciﬁed start visit and greater than 0 at the speciﬁed end visit within each study category;24,25
vertebral collapse was graded on the basis of vertebral height loss (0=normal height, 1=mild [about 20–25% loss], 2=moderate [about 25–40% loss], 3=severe [>40% loss]).
§Some patients had both mild and moderate fractures.

Table 3: Incidence of vertebral collapses
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about a sixth of patients in the placebo group (table 3).
These fractures were mild (change in semiquantitative
score from 0 at baseline to 1 at 12 months) in most
patients in both treatment groups. Moderate or severe
fractures (change in semiquantitative score from 0 at
baseline to 2 or 3 at 12 months) were noted in similar
proportions of patients in the risedronate and placebo
groups. During the open-label phase, at least one new
vertebral collapse was reported in similar proportions
of patients from the risedronate and placebo groups.
Most new morphometric vertebral collapses occurred
in the thoracic spine.
Signiﬁcant mean percentage decreases were noted in
urine NTx/creatinine at 3, 6, and 12 months and in
serum bone-speciﬁc alkaline phosphatase concentration
at 3 and 6 months in the risedronate group (ﬁgures 4, 5).
The diﬀerences between the risedronate and placebo
10

Placebo-controlled phase
p<0·0001†

Open-label phase

Risedronate
Placebo

0
* p=0·0004†
Change from baseline (%)

Of the 231 patients screened, 147 met the study criteria
and were randomly assigned, 97 to the risedronate
group and 50 to the placebo group (ﬁgure 1). This
number of participants allowed for roughly 15%
withdrawals. The groups had similar demographic and
disease characteristics (table 1). Lumbar spine areal
BMD Z scores were similar in the two treatment groups
at baseline, whereas the mean total body areal BMD
Z scores were −1·42 in the risedronate group and −1·82
in the placebo group. Compliance was similar between
groups in both the placebo-controlled and open-label
phases of the study.
The mean percentage increase in lumbar spine areal
BMD at the end of the placebo-controlled phase
was greater in the risedronate group (16·3%,
95% CI 14·4 –18·2) than in the placebo group (7·6%,
5·1–10·1; diﬀerence 8·7%, 5·7–11·7; p<0·0001). The
corresponding changes in Z scores are shown in table 2.
During the placebo-controlled phase, increases from
baseline in lumbar spine and total body areal BMD Z
scores occurred in both groups after 6 and 12 months.
During the open-label phase, changes in areal BMD and
areal BMD Z scores for both lumbar spine and total
body measurements were similar in the two groups
(ﬁgure 2, table 2).
During the placebo-controlled phase, 29 of 94 analysable patients in the risedronate group reported clinical
non-vertebral fractures, compared with 24 of 49 in the
placebo group (p=0·0446); 18 of the 94 patients in the
risedronate group reported clinical long-bone fractures,
compared with 17 of the 49 patients in the placebo group.
No patients reported a clinical vertebral fracture. During
the open-label phase, 46 (53%) of 87 analysable patients
who had been in the risedronate group reported clinical
vertebral or non-vertebral fractures, compared with
32 (65%) of 49 who had been in the placebo group.
Analysis of the time to ﬁrst clinical fracture during the
placebo-controlled phase showed that risedronate
reduced the risk of fractures by 47% (hazard ratio
[HR] 0·53, 95% CI 0·31–0·92; log-rank p=0·0337).
Speciﬁcally, Kaplan-Meier estimates of the 1-year fracture
rate were 31·4% (22·3–41·1) for the risedronate group
and 50·4% (35·3%–63·8%) for the placebo group
(ﬁgure 3A). Similar results were seen after adjustment
for the diﬀerences in baseline Z scores for total body
areal BMD (data not shown).
Risedronate also reduced the risk of recurrent clinical
fracture after 12 months by 42% (HR 0·58, 95% CI 0·4–1·0;
p=0·0416). The Andersen-Gill model estimates show that
the average rate of fracture was roughly 0·46 (0·32–0·66)
fractures per patient per year in the risedronate group,
compared with 0·78 (0·54–1·12) fractures per patient per
year in the placebo group (ﬁgure 3B).
At least one new morphometric vertebral collapse
(based on radiograph measurements) was reported in
almost a third of patients in the risedronate group and

* p<0·0001†
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Figure 4: Changes in urine NTx/creatinine
Data are least-squares (adjusted) means from the ANCOVA model, adjusted by baseline and with ﬁxed eﬀects for
age group, treatment, and pooled centre. NTx=type-I collagen N-telopeptide. *Indicates signiﬁcant diﬀerence
from baseline, as assessed from 95% CI s unadjusted for multiple comparisons. †p value indicates diﬀerence from
placebo, as assessed from the ANCOVA model with ﬁxed eﬀects for age group, treatment, and pooled centre.

Placebo-controlled phase

15
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5
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Results

Open-label phase
p=0·0318†

p=0·0033†

Risedronate
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p=0·0610†
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Figure 5: Changes in serum bone-speciﬁc alkaline phosphatase concentration
Data are least-squares (adjusted) means from the ANCOVA model, adjusted by baseline and with ﬁxed eﬀects for age
group, treatment, and pooled centre. *Indicates signiﬁcant diﬀerence from baseline, as assessed from 95% CI s
unadjusted for multiple comparisons. †p value indicates diﬀerence from placebo, as assessed from the ANCOVA
model with ﬁxed eﬀects for age group, treatment, and pooled centre.
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Placebo-controlled phase*

Open-label phase*

Risedronate
group
(N=94)

Placebo
group
(N=49)

Risedronate
group
(N=87)

Placebo
group
(N=49)

Adverse events

86 (91%)

47 (96%)

79 (91%)

46 (94%)

Serious adverse events

11 (12%)

8 (16%)

16 (18%)

13 (27%)

Adverse events leading to death

0

0

0

Withdrew from study because of adverse events

1 (1%)

0

1 (1%)

3 (6%)

Possibly or probably study-related adverse events

22 (23%)

9 (10%)

10 (20%)

Possibly or probably study-related serious
adverse events
Upper-gastrointestinal adverse events
Moderate to severe upper-gastrointestinal
adverse events†
Vertebral clinical fracture adverse events

2 (2%)

15 (31%)
0

0

0

1 (2%)

23 (24%)

13 (27%)

14 (16%)

13 (27%)

2 (2%)

2 (4%)

1 (1%)

3 (6%)

2 (2%)

1 (2%)

Non-vertebral clinical fracture adverse events

29 (31%)

0

24 (49%)

0

45 (52%)

32 (65%)

Selected musculoskeletal adverse events‡

30 (32%)

13 (27%)

18 (21%)

17 (35%)

Fall

19 (20%)

14 (29%)

36 (41%)

22 (45%)

Pain in arms or legs

20 (21%)

8 (16%)

11 (13%)

7 (14%)

Back pain

16 (17%)

5 (10%)

13 (15%)

7 (14%)

Headache

19 (20%)

4 (8%)

8 (9%)

4 (8%)

Arthralgia

8 (9%)

7 (14%)

5 (6%)

8 (16%)
6 (12%)

Adverse events other than fractures reported by
at least 10% of patients in either study group

Abdominal pain

8 (9%)

7 (14%)

5 (6%)

Vomiting

14 (15%)

3 (6%)

5 (6%)

5 (10%)

Abdominal pain upper

10 (11%)

4 (8%)

3 (3%)

6 (12%)
7 (14%)

Pyrexia

8 (9%)

2 (4%)

5 (6%)

14 (15%)

5 (10%)

3 (3%)

1 (2%)

Nasopharyngitis

7 (7%)

3 (6%)

9 (10%)

3 (6%)

Nausea

4 (4%)

6 (12%)

4 (5%)

4 (8%)

Gastroenteritis

1 (1%)

5 (10%)

8 (9%)

4 (8%)

Pain

Data are n. *Risedronate group received 2·5 or 5 mg risedronate daily during the 1-year placebo-controlled phase and
during the 2-year open-label phase; placebo group received placebo pill during the 1-year placebo-controlled phase
and 2·5 or 5 mg risedronate daily during the 2-year open-label phase. †No severe upper-gastrointestinal events were
reported during the study. ‡Musculoskeletal adverse events included back pain, arthralgia, bone pain, musculoskeletal
pain, and neck pain.

Table 4: Adverse events

25-hydroxyvitamin D (nmol/L)

Intact parathyroid hormone (ng/L)

Risedronate group Placebo group

Risedronate group

Placebo group

groups were signiﬁcant at months 6 and 12 for both
markers. During the open-label phase, decreases
occurred in both markers for both treatment groups.
Decreases were similar in the two groups at all timepoints
during the open-label phase. Decreases from baseline in
either marker during the entire study were greater than
87% in 14 patients. In all but one case, these decreases
were in children who were at an age at which reduced
bone turnover would be expected because of cessation of
longitudinal growth.
During the placebo-controlled phase, more than 90%
of patients in each group had an adverse event (table 4).
One patient in the risedronate group discontinued the
study because of an adverse event, Crohn’s disease,
which was believed by the investigator to possibly be
related to the study drug. During the open-label phase,
more than 90% of patients in each group had an adverse
event (table 4). No patients died in either group, in
either study phase.
During the placebo-controlled phase, mean height
increased signiﬁcantly from baseline in both groups.
At 12 months, the mean percentage increase in height
was 5·5% in the risedronate group and 4·5% in the
placebo group. The two treatment groups did not diﬀer
signiﬁcantly with respect to mean change in Z scores for
height (risedronate group 0·10 [SD 0·91] vs placebo group
−0·08 [0·31]; p=0·0788). When patients who sustained at
least one new vertebral collapse during the study were
analysed separately, patients in both groups continued to
have a signiﬁcant mean percentage increase in height
from baseline. For these patients, the mean percentage
increase in height at 12 months was 4·2% in the
risedronate group and 3·1% in the placebo group. During
the open-label phase, mean height increased in both
groups, and the mean changes from baseline were
similar. Mean bone age increased at the same rate as
chronological age in both groups. The mean increases in
bone age were similar in the two groups (data not shown).
The mean values for serum 25-hydroxyvitamin D and
intact parathyroid hormone were within normal ranges,
and the changes from baseline were small at all timepoints for both treatment groups (table 5). No associations
between initial 25-hydroxyvitamin D or parathyroid
hormone and vertebral or non-vertebral fracture rate
were noted.

Placebo-controlled phase*
Baseline

93 (64·0, 24·8)

47 (59·8, 21·2)

94 (22, 12)

49 (22, 9)

Discussion

6 months

87 (67·4, 22·4)

48 (66·0, 19·1)

87 (32, 85)

48 (20, 11)

12 months

86 (62·9, 19·5)

48 (67·1, 18·7)

85 (22, 13)

48 (21, 11)

24 months

84 (62·0, 22·1)

46 (60·9, 20·5)

84 (23, 16)

46 (23, 16)

36 months

80 (55·5, 18·5)

45 (53·8, 18·6)

79 (24, 13)

45 (22, 15)

Our study has shown signiﬁcantly greater increases in
lumbar spine areal BMD at 6 and 12 months in children
with osteogenesis imperfecta treated with oral risedronate
than in those given placebo. More importantly, analyses
of both time to ﬁrst fracture and time to recurrent
fracture showed that risedronate treatment reduced the
risk of clinical fracture. Both analyses suggest that
reduction of fracture risk is swift.
Risedronate was generally well tolerated. No diﬀerence
was seen in the frequency of serious adverse events, or

Open-label phase*

Data are n (mean, SD). *Risedronate group received 2·5 or 5 mg risedronate daily during the 1-year placebo-controlled
phase and during the 2-year open-label phase; placebo group received placebo pill during the 1-year placebo-controlled
phase and 2·5 or 5 mg risedronate daily during the 2-year open-label phase.

Table 5: Serum 25-hydroxyvitamin D and intact parathyroid hormone concentrations
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gastrointestinal or musculoskeletal events (apart from
fracture) between the groups; no deaths occurred in
either group.
Other studies of risedronate in osteogenesis imperfecta
have shown increases in BMD,15,22,29 but we have now
clearly shown that the drug reduces fracture risk (panel).
Our results for fracture are consistent with those reported
by Sakkers and colleagues18 for oral olpadronate and by
Gatti and colleagues16 for intravenous neridronate. These
results contrast with ﬁndings from a study of alendronate
in 139 children with moderate to severe osteogenesis
imperfecta,21 which did not show a reduction in fracture
incidence despite an increase in lumbar spine areal BMD.
Our study and that by Sakkers and colleagues18 included
larger proportions of children with mild forms of the
disease. Oral treatment might be better suited to children
with mild rather than more severe disease. Intravenous
pamidronate has been shown to increase BMD and
reduce fracture rates in uncontrolled and observational
studies;10,12 however, so far, no placebo-controlled trials
have been done to conﬁrm these ﬁndings.
No child with severe vitamin D deﬁciency was allowed
into the study. That the rise in lumbar spine areal BMD
in children who received only vitamin D and calcium was
steeper in the ﬁrst 6 months than in the second 6 months
of the placebo-controlled phase (ﬁgure 2A) implies an
eﬀect of such supplementation on ﬁlling of the
remodelling space. Although mean 25-hydroxyvitamin D
concentrations were roughly 60 nmol/L in both groups,
we suggest that supplementation with calcium and
vitamin D should be given at least during the ﬁrst year of
treatment with risedronate.
New morphometric vertebral collapses occurred in
both groups during both the placebo-controlled and
open-label phases. During the placebo-controlled phase,
these fractures occurred in almost a third of patients in
the risedronate group and about a sixth of patients in the
placebo group (p=0·0693). These ﬁndings could be due
to improved radiographic visibility of pre-existing
fractures that result from increases in mineralised bone
or cartilage at vertebral endplates; suboptimum mineral
and vitamin D status at the start of the study, initially
increasing the risk of fracture in the risedronate group;
excessive physical activity in treated children who felt
better and therefore did more; or some as yet unidentiﬁed
factor. Most fractures were mild and occurred in the ﬁrst
12 months of the study; the proportions of patients with
more severe fractures were similar in the two groups.
Radiographs taken between study visits to conﬁrm
clinical fractures were obtained by the investigative site
and sent to the central facility for assessment. A
shortcoming of this fracture surveillance protocol is the
possibility that conﬁrmatory radiographs were not
obtained or were not sent to the central facility. If such
issues occurred, however, they probably did so in similar
proportions of patients in each treatment group and
therefore would not be expected to aﬀect the results.
www.thelancet.com Vol 382 October 26, 2013

Panel: Research in context
Systematic review
We searched PubMed with the keywords “bisphosphonates”, “trial”, “child”, and
“osteogenesis imperfecta” for articles published in any language between Jan 1, 1987,
and Nov 1, 2012. We also used the reference list of the 2008 Cochrane review by Phillipi
and colleagues19 to ensure that we had not missed any relevant earlier publications.
We identiﬁed nine randomised controlled trials, four of which15,18,20,21 studied the eﬀect of
oral bisphosphonate treatment for children with osteogenesis imperfecta. All were
powered to detect change in bone density as their primary outcome, and their ﬁndings
showed that areal bone mineral density increased signiﬁcantly in children treated with
oral bisphosphonate. Although the results two of these studies18,20 suggested a
beneﬁcial eﬀect of bisphosphonate treatment on fracture rate, the results of the other
two15,21 did not.
Interpretation
The results of this randomised controlled trial clearly show a reduction in fracture risk
from oral bisphosphonate treatment in children with osteogenesis imperfecta. Oral
treatment with risedronate seemed to reduce the risk of ﬁrst and recurrent clinical
fractures, and the drug was generally well tolerated. Risedronate should be regarded as a
treatment option for children with osteogenesis imperfecta.

We did not identify a diﬀerence in either mobility or
pain scales between the groups (data not shown). Neither
of these measures was taken on a day-by-day basis; hence,
we could not adequately capture these data. The absence
of an eﬀect on mobility and pain in our study diﬀers from
the ﬁndings of studies of intravenous bisphosphonates,10,12
in which patients seemed to have improvements in
ambulatory ability or pain. However, these studies either
used crude mobility scales or did not quantify the general
observations reported. Furthermore, these studies were
either uncontrolled or relied on comparison with historical
controls. Nevertheless, parents, clinicians, occupational
therapists, and physiotherapists have consistently reported
increased mobility and physical activity in children with
osteogenesis imperfecta after starting bisphosphonate
treatment.10,11 Advising parents that they should limit
potentially injurious activity during the initial period of
treatment might be appropriate.
In summary, oral risedronate treatment signiﬁcantly
reduced the risk of clinical fracture in children with
osteogenesis imperfecta in this study. Risedronate should
be regarded as a treatment option for children with
osteogenesis imperfecta.
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